Objective-A cavum between the septi pellucidi may reflect neurodevelopmental anomalies in midline structures of the brain. The authors examined cavum septi pellucidi in subjects with schizophrenia, affective disorder, and schizotypal personality disorder and in normal subjects.
"noncommunicating," in which the walls of the cavum are intact and do not "communicate" with the lateral ventricular system, and "communicating," in which the cavum opens to the lateral ventricular system. The latter is the result of later-developing internal hydrocephalus, or acquired/secondary cavum septi pellucidi due to blows to the head, as in, for example, professional and semiprofessional boxers (2, 4) . Here, we focus on noncommunicating cavum septi pellucidi, since this is thought to be neurodevelopmental in origin.
Because abnormalities in temporal lobe structures, including the hippocampus, have been reported in schizophrenia (see references [4] [5] [6] [7] [8] [9] , and are thought by some to be at least partly neurodevelopmental in origin (see references [10] [11] [12] [13] , it would be important to evaluate more closely cavum septi pellucidi abnormalities in schizophrenia, including the relationship between cavum septi pellucidi and temporal lobe/clinical measures. We note that cavum septi pellucidi varies tremendously in normal adults, i.e., 2%-4% in early pneumoencephalographic studies (14, 15) , 0.15%-28% in computerized tomography (CT) studies (16) (17) (18) , 5.1%-58.7% in magnetic resonance (MR) studies (19) (20) (21) (22) (23) , and 12%-31% in postmortem studies (2, 24, 25) , suggesting that the criterion for "abnormal" versus "normal variant" is an important distinction (see references 22 and 25) ; i.e., small cavum septi pellucidi is likely a normal variant (2, 23, 24) .
In the present study we evaluated temporal lobe structures and cavum septi pellucidi in chronic schizophrenic patients. We included patients with affective disorder as a contrast group because research suggests that they may have an underlying neurodevelopmental abnormality (26) , reduced hippocampal volume (27) , and possibly increased cavum septi pellucidi (21, 28) . We also included subjects with schizotypal personality disorder because this disorder may be genetically linked to schizophrenia (29) (30) (31) . Such a link is strongly supported by neurochemical (32) and attention/information processing studies (33) . In addition, we included patients with schizotypal personality disorder because this disorder may provide important information not confounded by factors associated with schizophrenia, such as chronic illness and long-term medication. This study is the first to evaluate cavum septi pellucidi in schizotypal personality disorder, as well as the first to evaluate the relationship between cavum septi pellucidi and temporal lobe structures in chronic schizophrenic patients.
METHOD Subjects
Subjects were 1) 15 male chronic schizophrenic patients and 15 male normal subjects; 2) 15 first-psychotic-episode schizophrenic patients (12 men and three women), 16 first-psychoticepisode patients with affective disorder (13 men and three women), and 18 normal subjects (16 men and two women); and 3) 21 male patients with schizotypal personality disorder and 13 male normal subjects.
Chronic schizophrenic and normal subjects were recruited from and tested at the Brockton Veterans Administration Medical Center, except for the MR imaging (MRI) scans, which were performed at Brigham and Women's Hospital. First-episode patients and normal subjects were recruited from and tested at the McLean/Harvard first psychosis project (34) . Patients with schizotypal personality disorder and normal subjects were recruited from and tested at Massachusetts Mental Health Center, except for MRI scans, which were performed at Brigham and Women's Hospital. Patients with schizotypal personality disorder were recruited from a newspaper advertisement soliciting individuals who believed they had a sixth sense and who were anxious around people.
Chronic schizophrenic patients met DSM-III-R criteria for schizophrenia on the basis of interview with the Schedule for Affective Disorders and Schizophrenia-Lifetime Version (35) and information from psychiatric records. First-episode patients met DSM-III-R criteria for schizophrenia or affective disorder on the basis of interviews with the Structured Clinical Interview for DSM-III-R-Patient Version (36) and information from psychiatric records. DSM-III-R diagnoses of schizotypal personality disorder were based on interviews with the Structured Clinical Interview for DSM-III-R Personality Disorders (37) . Interviews were conducted by a psychiatrist (C.C.D.), one of three psychologists (including M.E.S.), or a trained medical student. In addition, for more than 90% of the study group, one of us (R.W.M.) conducted a clinical interview. Diagnostic reliability is computed routinely every 6 months through use of a weighted kappa statistic (range=0.85 to higher than 0.95).
Subjects were 20-55 years old; had no history of ECT, neurologic illness, major head trauma, or alcohol and/or drug abuse within the past 5 years; and had no history of drug and/or alcohol dependence ever. Normal subjects were recruited through newspaper advertisement and were screened to exclude drug or alcohol abuse and neurologic and psychiatric illness in themselves or in their first-degree relatives. In addition, normal groups of subjects for patients with schizotypal personality disorder and first-episode patients received the Structured Clinical Interview for DSM-III-R-Non-Patient Edition (38) in order to rule out major psychopathology. All subjects were right-handed. After a complete description of the study to subjects, written informed consent was obtained.
Demographic data for subjects are shown in table 1. There were no statistically significant differences in age or parental socioeconomic status between schizophrenic patients and normal subjects, but the socioeconomic status of schizophrenic patients was, as expected, significantly lower. For the first-episode schizophrenic patients, mean age and mean score for socioeconomic status and parental socioeconomic status did not differ from those of normal subjects; however, mean age for patients with first-episode affective disorder was significantly less than that of normal subjects. In addition, parental socioeconomic status of patients with first-episode affective disorder was higher than that of normal subjects, whereas parental socioeconomic status of patients with schizotypal personality disorder was lower than that of normal subjects. Of note, patients with first-episode affective disorder did not differ in age or parental socioeconomic status from first-episode schizophrenic patients, and patients with schizotypal personality disorder did not differ from schizophrenic patients in age or parental socioeconomic status.
Clinical Measures
Patients with chronic schizophrenia and schizotypal personality disorder were evaluated with the Scale for the Assessment of Positive Symptoms (SAPS) (39), the Scale for the Assessment of Negative Symptoms (SANS) (40) , and the Thought Disorder Index (41) . First-episode patients were evaluated with the Brief Psychiatric Rating Scale (BPRS) (42) and the Global Assessment Scale (GAS) (43) .
MRI Scanning
MR images were acquired at Brigham and Women's Hospital for patients with chronic schizophrenia and schizotypal personality disorder and their normal comparison groups. MR images for first-episode patients and their normal comparison group were acquired at McLean Hospital. At both sites, the same 1.5-Tesla GE system was used, and acquisition parameters were as follows: TE=5 msec, TR=35 msec, one repetition, nutation angle=45°, field of view=24 cm, acquisition matrix=256×256×124, voxel dimensions= 0.9375×0.9375×1.5 mm (see reference 5). These images, reformatted in the coronal plane, were 1.5-mm thick and consisted of 124 contiguous coronal slices.
Cavum Septi Pellucidi Measures
Number of slices containing cavum septi pellucidi-We used the same method for rating cavum septi pellucidi as Nopoulos et al. (23) : 0=absence, 1=cavum seen in 1 slice of brain, 2=cavum seen in 2 slices, and so forth. The length of the cavum could thus be calculated by multiplying the number of slices containing cavum septi pellucidi by 1.5 mm.
Criteria for normal and abnormal cavum septi pellucidi-Cavum septi pellucidi on one-three slices was categorized as normal, and on four or more slices as abnormal. Our rationale was that cavum septi pellucidi contained on four or more slices (6 mm) is consistent with findings from postmortem data showing that abnormal cavum septi pellucidi has a length, on average, of 7.5 mm (44) . Figure 1 provides an example of abnormal (left panel) and normal (right panel) cavum septi pellucidi. In a second classification of normal versus abnormal cavum septi pellucidi, we used the criteria of Nopoulos et al. (23) , which classified one-two slices containing cavum septi pellucidi as small (normal) and four or more as large (abnormal) (0 slices and three slices were omitted; the latter was considered borderline).
Interrater reliability-Reliability was computed for the first 32 subjects by four independent raters (J.S.K., Y.H., I.A.F., and C.C.D.), blind to group membership, by using an intraclass correlation coefficient (r=0.97). The remaining subjects were rated by three independent raters (J.S.K., I.A.F., and Y.H.), also blind to group membership (r=0.93). In the small number of cases in which there was not complete agreement, ratings given by the majority of the raters were used for the analyses.
Volume measures-For the chronic schizophrenia data set only, temporal lobe regions of interest were manually outlined on a work station for each slice containing the region of interest (5) . Voxels were then summed to calculate volumes. Relative volumes were calculated for anterior superior temporal gyrus, posterior superior temporal gyrus, parahippocampal gyrus, anterior hippocampus-amygdala complex, and posterior hippocampus. The average intraclass correlation coefficient for these volumes was 0.86 (5).
Data Analysis
We used chi-square test, or Fisher's exact test when expected cell sizes were less than five. Relationships between ratings of cavum septi pellucidi and volume of temporal lobe structures, as well as between cavum septi pellucidi and psychopathologic assessment scales, were assessed through use of Spearman's rho. A level of 0.05 was accepted as the level of significance. Table 2 shows the presence of cavum septi pellucidi for all groups. The presence or absence of cavum septi pellucidi did not differentiate between groups. We used two approaches for categorizing the presence of cavum septi pellucidi as abnormal or normal. First, we categorized cavum septi pellucidi one-three slices as normal, and cavum septi pellucidi on four or more slices as abnormal. This rating leaves out 0 and is based on postmortem findings suggesting that the average length of abnormal cavum septi pellucidi is 7.5 mm (44) (see previous discussion). Using this rating scheme, we found that abnormal cavum septi pellucidi was present in 30.4% of schizophrenic patients, 20.0% of patients with affective disorder, 18.8% of patients with schizotypal personality disorder, and 10.3% of normal subjects (table 3) . When the schizophrenic patients were subdivided further, 36.4% of the chronic and 25.0% of the first-episode patients showed abnormal cavum septi pellucidi. Schizophrenic patients showed more abnormal cavum septi pellucidi than did normal subjects (p= 0.05, Fisher's exact test, one-tailed).
RESULTS
We next categorized cavum septi pellucidi as normal or abnormal on the basis of the criteria of Nopoulos et al. (23) (0 slices and three slices were excluded; the latter was considered borderline). Accordingly, abnormal cavum septi pellucidi was present in 35.0% of schizophrenic patients, 25.0% of patients with affective disorder, 27.3% of patients with schizotypal personality disorder, and 13.0% of normal subjects. When we subdivided the schizophrenic patients further, 40.0% of the chronic and 30.0% of the first-episode patients showed abnormal cavum septi pellucidi (schizophrenic patients differed from normal subjects; p=0.07, Fisher's exact test, one-tailed) (table 3).
Chronic schizophrenic patients showed negative correlations between the number of slices containing cavum septi pellucidi and relative volume of left (p=0.02) and right (p=0.02) hippocampus ( figure 2) . No other correlations between cavum septi pellucidi ratings and temporal lobe measures (i.e., amygdala, parahippocampal gyrus, superior temporal gyrus, or overall temporal lobe) were significant. Moreover, no correlations between temporal lobe volumes and cavum septi pellucidi reached statistical significance in normal subjects.
In chronic schizophrenic patients there were no significant correlations between cavum septi pellucidi ratings and scores on the SAPS (r=0.09, N=15, p=0.82), SANS (r=0.26, N=15, p=0.49), or Thought Disorder Index (r= 0.08, N=15, p=0.80). In first-episode schizophrenic patients, BPRS and GAS scores showed no significant correlations with cavum septi pellucidi ratings (r= 0.27, N=15, p=0.35 and r=−0.09, N=15, p=0.76, respectively). For patients with affective disorder, there also were no significant correlations between cavum septi pellucidi ratings and BPRS scores (r=−0.17, N=16, p=0.53) or GAS scores (r=0.46, N=16, p=0.07). For patients with schizotypal personality disorder, there were no significant correlations between cavum septi pellucidi ratings and scores on the SAPS (r=−0.13, N=21, p=0.62), SANS (r= −0.21, N=21, p= 0.41), or Thought Disorder Index (r=0.11, N=21, p= 0.69). Finally, we assessed the correlations between cavum septi pellucidi ratings and age (r=0.10, N=113, p=0.28), socioeconomic status (r=−0.05, N=113, p=0.61), and parental socioeconomic status (r=0.12, N=113, p= 0.18); none was significant.
DISCUSSION
Eighty-five percent of normal subjects, 77% of schizophrenic patients, 63% of patients with affective disorder, and 76% of patients with schizotypal personality disorder showed some degree of cavum septi pellucidi. Thus, regardless of diagnosis, most subjects evinced cavum septi pellucidi. These rates are high compared to those of other studies that used CT or MRI (16, (19) (20) (21) (22) (23) 25) , which have reported cavum septi pellucidi in 0.15% to 58.8% of schizophrenic patients. All of these studies, except that of Nopoulos et al. (23) , used imaging techniques with less spatial resolution than in our study. The study by Nopoulos et al. was, in fact, the first to use 1.5-mm contiguous slices, and they reported cavum septi pellucidi in 58.7% of normal subjects and 58.8% of schizophrenic patients. Their figures are lower than the percentages reported in the current study (i.e., 85% of normal subjects, 77% of schizophrenic patients). This discrepancy may be due to the higher proportion of men in our study (see later discussion). It would appear, nonetheless, that the presence of cavum septi pellucidi, in and of itself, may have no pathological significance.
We next considered the rating of 6 mm or more of cavum septi pellucidi as abnormal (corresponding to cavum septi pellucidi on four or more slices). Using this criterion, we found that 30.4% of schizophrenic patients (36.4% of chronic and 25.0% of first-episode patients) and 10.3% of normal subjects showed abnormal cavum septi pellucidi. This finding is consistent with previous studies (19, 22, 23) . Ratings of cavum septi pellucidi on four or more slices would therefore seem appropriate for classifying cavum septi pellucidi as abnormal, although it would, of course, need to be validated with a new group of subjects.
When we used the criteria of Nopoulos et al. (23), we noted an increase in abnormal cavum septi pellucidi: 35.0% of schizophrenic patients (40.0% of chronic and 30.0% of first-episode patients) and 13.0% of normal subjects had abnormal cavum septi pellucidi. Degreef et al. (25) , in a postmortem study, reported abnormal cavum septi pellucidi in 32.1% of schizophrenic patients and 7.7% of normal subjects; these figures are similar to ours.
Eighteen percent of patients with schizotypal personality disorder showed abnormal cavum septi pellucidi on the basis of our criteria, in contrast to 27.3% on the basis of the Nopoulos et al. (23) criteria. These ratings were intermediate between those of schizophrenic and normal subjects; this finding is consistent with a study in our laboratory of neuropsychological performance in patients with schizotypal personality disorder that was intermediate between that of schizophrenic and normal subjects (45) . It is also consistent with the report by Trestman et al. (46) of auditory P300 amplitude reduction in patients with schizotypal personality disorder that was intermediate between that of normal and schizophrenic subjects. These findings suggest that schizotypal personality disorder may be a milder form on a continuum of schizophrenia spectrum disorders.
Abnormal cavum septi pellucidi was evident in 20.0% of patients with first-episode affective disorder. It would, however, be premature to conclude that the occurrence of abnormal cavum septi pellucidi in affective disorder is not different from that in normal subjects, particularly in light of the fact that our group was small. Shioiri et al. (28) , however, reported that cavum septi pellucidi in patients with bipolar disorder was not higher than that in normal subjects when small cavum septi pellucidi was excluded from the analysis; but the rate was higher than that in normal subjects when all ratings were included. Jurjus et al. (21) reported a lower frequency of cavum septi pellucidi in patients with affective disorder than in schizophrenic patients (25% versus 10%); there was no difference between patients with affective disorder and normal subjects, which they attributed to a gender effect (i.e., their study had an excess of male schizophrenic subjects). Others have also reported a higher rate of cavum septi pellucidi in male than in female subjects (16, (21) (22) (23) 25) . Nopoulos et al. (23) , for example, reported cavum septi pellucidi in 67% of male subjects, compared to 46% of female subjects. This gender effect may be evident in other neurodevelopmental abnormalities (11, 47) . Eight of our group of 113 subjects were female: two were normal subjects, three first-episode schizophrenic patients, and three patients with affective disorder. One of the eight women, a schizophrenic patient, did show abnormal cavum septi pellucidi. More careful studies, with a larger cohort of female subjects, will be needed to address further the issue of gender effects.
The first report of an association between cavum septi pellucidi and psychosis was done through use of CT (16) . This association was replicated by Mathew et al. (48) through use of MR, and there have been several MR studies of cavum septi pellucidi (reviewed in reference 49). More recently, Nopoulos et al. (50) reported an association between abnormal cavum septi pellucidi and left temporal lobe volume reduction in male schizophrenic patients. In their first study (23) , six schizophrenic patients showed abnormal cavum septi pellucidi. This group, along with four new patients with abnormal cavum septi pellucidi, was the subject of the second study. In that study, 44 schizophrenic patients without cavum septi pellucidi were compared with 10 schizophrenic patients with abnormal cavum septi pellucidi. The schizophrenic patients with abnormal cavum septi pellucidi showed volume reduction only in the left temporal lobe, as well as a less severe decrease in total brain tissue, normal-sized frontal lobes, and pronounced asymmetry (right greater than left). In contrast, the schizophrenic patients with normal cavum septi pellucidi showed reduced volumes in overall brain and an increase in overall CSF. These investigators suggested that the pattern of structural abnormalities observed in schizophrenic patients with abnormal cavum septi pellucidi may reflect a regional, localized tissue reduction confined to the left temporal lobe in a subgroup of male schizophrenic patients.
In our study, we found an association between degree of cavum septi pellucidi and volume of hippocampus in male chronic schizophrenic patients. This finding is consistent with the hypothesis that growth of both the hippocampus and corpus callosum during fetal development results in a pushing together of the leaflets of septi pellucidi, which fuse; abnormalities in this process may lead to a lack of fusion (cavum septi pellucidi). Of note, the septum pellucidum is an important relay station with the hippocampus and hypothalamus, as well as being part of the limbic system that regulates emotion and motivational behavior (51, 52) . Disturbances in this system may, therefore, lead to distortions of perception, cognition, and behavior seen in schizophrenia.
In conclusion, abnormal cavum septi pellucidi was confirmed in schizophrenia, and we noted an association between cavum septi pellucidi and hippocampal volume. These findings suggest that for at least a subgroup of patients, neurodevelopmental origins may be implicated in the pathogenesis of schizophrenia. A further study of patients with and without abnormal cavum septi pellucidi should help to clarify further the nature of these brain anomalies. The difference between schizophrenic and normal subjects was not significant (χ 2 =0.80, df=1, p=0.37).
b All five patients who met three or four of the five criteria for schizotypal personality disorder had cavum septi pellucidi.
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